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Serial No.: 09/931,112 



Group Art Unit: 1631 



Filed: August 17,2001 



Examiner: M. BORIN 



For: TREATMENT OF INTESTINAL EPITHEIAL CELL MALFUNCTION, 
INFLAMMATION OR DAMAGE WITH HEPATOCYTE GROWTH 
FACTOR 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

I, Marshall Z. Schwartz, M.D., declare the following: 

1 . I am the inventor of the above-identified patent application, Serial No. 
09/931,112. 

2. The above-identified application is a divisional application of U.S. Application 
Serial No. 09/395,129, filed on September 14, 1999, now U.S. Patent No. 6,319,899, 
which in turn is a continuation-in-part application of U.S. Application Serial No. 
08/932,391, now U.S. Patent No. 5,972,887, which claims priority to provisional 
application Serial No. 60/026,352, filed on September 19, 1996. I am the inventor of the 
subject matter disclosed in these applications as well. 

3. I have read and I am familiar with the Office Action mailed July 26, 2004 
pertaining to this application. 



DECLARATION UNDER 37 C.F.R. § 1.131 



BEST AVAILABLE COPY 



4. I understand that in the Office Action mailed July 26, 2004 the Examiner has 
rejected claims 7, 9-12 and 21-33 allegedly being obvious over Zushi et aL, 270(5 Pt 1) 
Am. J. Physio., G757-62 (1996) ("Zushi"), in view of Ishii, Japanese Patent Application 
No. 8-231418 ("Ishii"), and in further view of Fukamachi et aL, 205(2) Biochem. 
Biophys. Res. Commun., 1445-51 (1994) ("Fukamachi"), and Halttunen et aL, 1 1 1(5) 
Gastroenterology 1252-62 (1996) ("Halttunen"). Copies of the references are 
attached as Exhibits A-D, respectively. (Exhibit B is a translation of the Japanese 
Application.) 

5. I have read and I am familiar with Zushi, Ishii, Fukamachi and Halttunen. It is 
my understanding that Zushi has a publication date of May 1996, see Exhibit A, Ishii has 
a publication date of September 10, 1996, see Exhibit B, and Halttunen has a publication 
date of November 1996, see Exhibit D. 

6. Attached as Exhibit E is a copy of an abstract I authored with the assistance of my 
research assistants, who were working under my direct control and supervision in my 
research laboratory. The abstract was submitted to the American Academy of Pediatrics 
Section on Surgery before May 1996. The abstract, which was not publicly disclosed 
more than one year prior to the September 19, 1996 filing date of provisional application 
Serial No. 60/026,352, evidences that I reduced to practice in the United States before 
May 1996 the inventions disclosed and claimed in the present application Serial No. 
09/93 1,112, including the presently rejected claims 7, 9-12 and 21-33. 

7. The experimental data and information summarized in the abstract is 
contemporaneous evidence of the reduction to practice of the claimed inventions, which 
occurred in the United States before May 1996, the earliest publication dates of the Zushi, 
Ishii and Halttunen references. 

8. In particular, the abstract summarizes a study done in the United States designed 
to examine the effect of systemically administered HGF on intestinal mass and function 
in adult male Sprague-Dawley rats. See Exhibit E. Specifically, jugular venous catheters 



connected to subcutaneously placed osmotic minipumps were positioned within the adult 
rats. The rats were divided into 4 groups based upon the contents in the osmotic 
minipumps, i.e., Group 1 (control), Group 2 (HGF 75 figfcg/d), Group 3 (HGF 150 
Hg/kg/d). and Group 4 (HGF 300 jig/kg/d). Following a 14 day infusion, mucosal DNA 
content and protein content were analyzed in a segment of the mid small intestine for 
each group. The results of the study demonstrated for the first time that HGF can 
sti mu late cell proliferation of intestinal epithelial cells in vivo. Accordingly, the results 
of the study evidenced that HGF stimulated intestinal epithelial cell proliferation in vivo 
before the publication date of the Zushi, Ishii and Halttunen references. 

9. All statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further, that the statements 
were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 of Title 1 8 of the United 
States Code, and such willful false statements may jeopardize the validity of the 
application or any patents issuing thereon. 
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Role of prostaglandins in intestinal epithelial restitution 
stimulated by growth factors. 

Zushi S, Shinomura Y, Kiyohara T, Minami T, Sugimachi M, 
Higashimoto Y, Kanayama S, Matsuzawa Y. 

Second Department of Internal Medicine, Osaka University Medical School, 
Suita, Japan. 

Mucosal integrity is reestablished after superficial injuries by a rapid resealin 
process, termed epithelial restitution, that is regulated by several growth facto 
and cytokines. Growth factors are also known to stimulate the synthesis of 
endogenous prostaglandins that mediate important functions in intestinal 
epithelial cells. Therefore, we examined the effect of endogenous eicosanoid 
production modulators, piroxicam, dexamelhasone, and nordihydroguaiaretic 
acid (NDGA) on intestinal epithelial restitution using two cultured cell woun 
resealing models, IEC-6 and Caco-2 cells. Epidermal growth factor, 
transforming growth factor-beta, hepatocyte growth factor, and fetal calf sen 
(FCS) accelerated intestinal epithelial restitution, and piroxicam significantly 
suppressed these stimulatory effects. Dexamethasone mimicked the action of 
piroxicam. No additive effect of piroxicam and dexamethasone was observec 
NDGA did not affect epithelial restitution. Piroxicam abolished the increase 
6-ketoprostaglandin Fl alpha (PGF1 alpha) release induced by FCS. 
Furthermore, addition of a stable PGI2 analogue, OP-41483 [5(E)-6,9-deoxa- 
6,9-methylene-15-cyclopentyl-16,17,18,19,20-pen tanor-PGI2], reversed the 
slowing of epithelial restitution induced by piroxicam. These results suggest 
that endogenous prostaglandins play an important role in regulating intestina 
epithelial restitution. 



PMID: 8967486 [PubMed - indexed for MEDLINE] 
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Second Department of Internal Medicine, Oeaka University Medical School, Sutta 665, Ja 




- BMalehiro» YasuhJea. Bhlaoaon, Intern Kf. 

fJ. -|.| And Higashimoto, Bhuji Km^mmTSi^I M.U 

Hf?^ 9 * • t, "? , » , •*« , growth factors. Am. J. Phyttol. 270 

»-ni w ■ _ *k «^?*» 00C» lVfuxo* 



^S Sal .!? t ' 8ri *K ta reestablished after superficial Injuries by a 
pi, rapid mealing process, termed epithelial restitution, that la 
tfM J2r tted by , Mn L eral growth factOT » and cytokine*. Growth 
&p fcctor» an also known to atlmulato the ayntheaia of eiuloa> 

1-=%* ;,lnies«!»al epithelial cells. Therefore, we examined the effect 
Mim 2 f • ndo ?? ,ou, e,oowuw M Production modulators, piroxieam. 
I2mf ??^ l ^ l l'\ and ^•hydrogualaretie add (NDOA) on 
|ff|toteatinal eplthell.lre.UtuUon using two cultured ceUwounT 

V^J'kr^ j^f 0 ™}"** «™wth fcctor-B, hepatocyte growth lac- 

ferite^S 1 ? r V m (PC8) ■^•"tS^toahSthr 

u «w«tuUon, and piroxieam significantly suppressed these 

St#!K^ M eff ^uP^^"° ne mimJcked °* action of 
Piroxfcajii. No additive effect of piroxieam and dexametha- 

IP* f£^ m .* Ml '} lt * *• tacn*B6 in 6-ketoprostaglandin F,. 

f < flf to iJ?. ,MM nduced by PCS. Furthermore, addition of a 
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l&v jmiwnNAl. epithelial cells form a barrier to many 
llflwniMl irritants, including secondary bile adds, short- 
«fe;f chain fotty acids, and bacterial metabolites. This epithe- 
^.ilal barrier has been recently known to recover within 
> hours when disrupted by a superficial epithelial injury 
h»«-< y / rap,d w . ound baling process called restitution, 
*Mi «"» Progression of the destructive inflammatory pro- 
S^te-*«fl8 i« thus prevented (14, 15). v 
Mm Epithelial restitution is mainly accomplished by epi- 
ti^| theUal cell migration that reseats the wound area 
•^w" Pn>»feroOon, especially during the 
taf initial step of healing. In vitro models using cultured 
*° \»' f pithelial cells have contributed to the study of epithe- 
p^p" 1 ""UtuUon. Fetal calf serum (PCS) and several 
li#£^ » fect ? 1 ? lnclud,n S transforming growth factors 
iyOP-ci), epidermal growth factor (EOF) (I, 6), TGF-0 
feilk Md h *»*t°cyto growth factor (HOF) (5, 18) have 
l#5«« n "Portal »» accelerate intestinal epithelial reatitu- 
« ? tion. Endogenous eicoasnoids have been recently re- 
-sported to mediate intrace^MlMv^^ signals in 
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response to TGF-o and 12-O-tetradeaujoriE 
acetate in the intestinal ceU line, RTE-1 (8X 
nowendogenous elcosanoids affect intestinal i 
restitution is not known. . iu'.\t& 

InthepreerattUid^weeiainlnedtheroieot 
nolds in the regulation ofintestinsJ epitheliali 

tfa ?., uabv J^P ^Q-clMneterind tatestinai en 
cell lines, TEGS and Caco-2. IBC-6 is a cell lir»< 
pom crypt cells of normal rat small intestine v 
been frequently used in studies of prolftrttw 
restitution (7, 16, 17). Caco-2 U a c*U WderfreTf 
a human colon cancer. Caco-2 is known to differ 
into cells that have the funeUon of epitheliel'i 
smaU b»«ttlne (20). This ceU line has J 
stwfieiHas ataoaet^ d1Sw{iate^"Burii 
epithelium in examinations of the mechamsn 
sorption, electrolyte transport, barrier format 
restitution (1, 10, 1U ■ * 

MATERIALS AND METHODS 

Reagente, Piroxicaniand EOF were purchased iron 
-j i£, u „ to X M0) - Dexamethasone, mitomycin 0 (MMO 
and TQF^ were obtained from Wako Pure Chemicals ( 
Japan). Nordihydrogualaretic add (NDOA) wu du 
from Biuaol (Plymouth, PAX A potent stable pro* 

ana L°F»£ IMMfl3 IWKMeoial,friiietliyk«Srt 
P?n^-lM7.18,19,20.pentaiio^^ 
gift from Ono Pharmachemical (Osaka, Japan). \. % 
CtU culture. The human colon cancer cell liner 
rat intestinal ceil line IEC-6 were obtained from 
can Type Culture Collection (Rockville, MD). ( 
"^JSSfly cultured in Dulbecco 1 ! modified 
dium (DMEM) supplemented with 10% heat-ihaetira 
(Whittaker Bloprodue^ Walkertvil^ mffibu 
amino adds, 100 U/ml psnidUIn, and 1 100 pgtel of s 
,[ 1EC ,i Mltrwen in passage* 83-37 and were r 
S'W to «?Pp'«»»nt«<I with 10% FC8,!l 
penidllin, and 100 pg/ml of streptomycin. Cells were 
ln * w>t « M «turated atnospher^with 8ft COs at 87* 
Wound assay. Cells were harrested by trypsiniia 
seeded at 6 x 1(H cellMal In /j-well W^e {St™ 
(Cestar, Cambridge, MA). Cells/were further fncuba 
days to reach conflueney. Caco-9 cells at 7 days afts 
•ney and IEC-6 cells at 8 days after conflueney wers 
wou " d The mays were performed u pr 

Briefly, IEC-6 cells were treated with 6 ug/ml . 

C "S^ *? to V* h W8ted M M*^' MMVforl 
contribution by cell proliferation. The optimal dosi 
was determined for the concentration that inhibi 
of each cell completely without affoeting eeU ti 
estimating PHjthymldlne uptake. As reported by 
exmttosls blockade did not affect restitutio/!* 
next, the medium of the confluent monolayers was' 
to fhsh serumKieprived medium (DMEM with 0.1*' 
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5Ki* Wdsrraal Rrowth ftctor(EQf), traniformlng growth foctor-n 
type****** fnwth factor (HOP), And frtal cairaerum (FCB) 
&&awolerated epithelial restitution of IBC-6 U) and Caco.8 (fl) telle, 
^!* d Plml«w sttenuated theee acceleration!. Celle were exposed tor 
fl& 8 h to 6 ug/ml mitomycin C (MMC) for IEC4 and 20 u*yml MMC for 
[^Cmo-2 to Inhibit mitosis. Medium wot changed to eenim-deprived 
pvmodlum 6 h before wounding with t raior Hade. Medium waa then 
3& «h*>8*l to fteoh medium eonUlnlng each reagent with or without 5 
&i£|)M piraxicam, and cells were further Incubated for 24 h. Repealing 
m ipeed »aa calculated by dividing the area celle covered over wound 
£ ft jda* ^ wound width. Data are expressed as meane t BE in - 6). 
:l -j '* I- 0,01 """P"** reeealing ipeed without piroxicam; n,i., not 

m* |S for « wounding. Inhibitors were added 4 h before wounding. 
IF; "Ounda 8-10 mm in length were made with a rator blade in 
M : each well* The celle were then washed with fresh serum- 
p^imdywi medium, changed to fresh medium supplemented 
vhd with Inhibitors again, and farther Incubated for 24 h in the 
^f? presence or absence of the stimulants of Interest The area 
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cttltm pUtea. Cello won farther Incubated 
rwch eonftMMr. Ca»>2 oalla at 7 dayt] 
IBC4 ioslls at 8 <Uy» poetcoiiiluencywereu^ 
ofeoon^tmofiolasron 
n^umajMifoeulMtedfo^ 
both were added to the medium and fa~u*m«™ 
Medium waa changed to fresh medium contoin^pj 



reagonta and further Incubated 24 h. lha 
collected and the 6-luHoptoataglaiiditt Fw (6 
oonoantration waa eueessed by onsjma>Uokad 
^ ta siay (BLWA; Cayman Chemical, Ann Arbt 
MTT assay, Cella wore trypeinisodL seeded; 
cells/ml into a 96>we0 tissue culture plate and to 
fresh medium under an atmosphere of 5% COt-95% air 
for 24 h. Medium waa then Angarf to ft^h i^fr .^ 
ing each reagent at the indicated concentration i" 




ptroxteem(pM) 

Fig. 8. Effort of piroxicam on mtltuUon of IEC-* L, m 
cells. Cells were sxpoeed to MMC for 2 h to Inhibit ml t 
was changed to serum-deprived medium 6 h I " 
Piroxicam st each concentration was added 4 K b 
After wounding, medium was changed to freshen* 
mented with 10% KB containing same concentration ( 
before. Cells were further incubated for 34 Sandra 
determined. Data are expressed as means * SB Ol t 
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rhL^T^l Medium of influent cell monolayers wu 
^ SSrtS^ wruro-depHved I medium, and celU were incubated 
for 2 h. Medium wm changed to fresh medium conUlnlni plmJcam 
at eache^cen^Uon wlth 10% PCS or -erum-deprived moSum,S3 

* c< » t * ll y to * plrwdcam at each concentration with 10% FCS or 

r S?^^ med,um w And w «« ft"ther Incubated for 
' ^i^S^ W " ^ l if t rL <md *ket*POF u concentration was 
aetermined by ensyroe-llnked immunosorbent assay. Results are 
wpreased as means tSE(n - 3K 



I S^S^^^S* 0 " b " ) r; idel ^ hemicon » 1emecu!a f CA) was 
| added to each well at 500 pgfal and incubated for 4 h. The 

I £E?? I ? n P poduced ww wlubiliied by adding 100 u] of 0.04 N 
* HC1 in isopropanol and the viable cell number waa estimated 
f aa abaorbance at 570 nm with a reference at 630 nm. 
fa* *i 2 t i an H lyti$t ****** are expressed as means ± SE. 
\ Statistical a gniflcance of differences between mean values 
? waa attested with Student's r-test 

^RESVLflS 



J?flL nxieam m n*HvUon stimulated by EOF, 
~ » bP 0 ?' and 10% As shown in Fig. 1, IEC-6 
w?J nl S fated '•ensiderabh; faster than Caco-2 cells; 
iIEC^cella migrated at a speed of 128.1 ± 17.6 um/24 h, 
and Caco-2 cells migrated at the speed of 38.1 ± 3.8 
umflMh without stimulants. EOF, TOF-p, HGF, jnd 
10%/CS accelerated epithelial restitutionjjy IEC-8 

« -S 0 " 2 ceU ^* Effch Btiniu " ,ank accelerated epithelial 
restttution in a dese-dependent manner (data not 
^S ahown). With IEC-6 cells, maximal effects were ob- 
|l served at 128.8 ± 5.2% of basal reseallng speed (reseat- 
7 rJL £ P** 1 ,n bMal medium) in 40 ng/ml EOF, 
*168.0 4 8.8% of basal in 10 ng/ml of TOF-p, 1776 + 



6.6% of basal in 10 ngAn! of HOT, andl 
bas.il la 10ft FC&Witl. Caco-2 e2LV B 
™*!S!yi5Ll»M * 8.7%ofhual i™ 
to 10 ng/ml EOF, 147.8 ± 6.6% of basal ihl 
TOM, 168.3 ± 6.1% of basal m lOiK 
248.8 ± 14.1% of basal in 1<>% FC8 
»-6). -Jftt 

Tb examine the effect of inhibition of «, 
vmtaglajadto (PO) synthesis, 5 nit flkn 
added. Pfroxiram significantly srttennatedths i 
ing effect of the itoula^ fcctowTThT 

Indegree between these stimulants. - --- rrm i 
aflfcet the basal reeealing rate* of ffic5jmdl 
cell*. Thus piradeam appeared to Inhibit 

Slants we examined ibr reseallng. Therefore, tl 
w . a */ Urthe T «M»»»sd in 10% FCS, 
. J} z JhJ*} nadam ,,ow * 1 resealing at 
10 ? J 08 10 * dose-dependent manner in 
and Caco-2 cells. A maximal eflect was 
celUwere tr eated with 5 

ee/fc. As a repreeentati^'ofP^ir^^Be^d^ 
cells, the amount ofPOI, secreted Into the medi 
24 h was determined by measuring a staU*< 
Won product of PGI„ 6-keto-POF u 

6-keto-PQF,. than Caco-2 cells, when these < 
incubated in the basal medium. FCS UOftft 
production of 6-keto.POF ta by ~6.6-fbld taJ 
and 4.1-fold in Caco-2 cells. Inhibition of 
lated 6.iato-PQF u production by piroxlaun! 
served in a doee-de pendent manner andparallt 
the inhibition of restitution of both cells*^r 




*• Bfftct of plmdeun on rhbillty of IEC4 (•)!_ 
cHlt. (Mb wm oaeded on M-well cultun pUtM sad L 
B»jh medium undw so atnMwphm of 5% COr-MSftlirttJ 
h. Modiura wu then chiAftd to Aeih medium eontaiaia 
fmounta ofplroxlcwa, and nils wtr* ftjrthtr tneuUud.'Afl 
MTT wu Iddtd to Meb wtll it 1 m»U mUMMm 

Mil numberwu ortlmitod u ibtoriisnM it nrnWi' 
•t 630 nm, DaU tro mtmsmi u ratio ofcmtrelr^- 
tspnuedunwaait8B(iiB4). . 
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Fig. 5. Effect of pirarieam (plx), dexamethaaona (d«0, and nordlhy* 
drogualaretJc add (NDOA) on restitution of IEC6 U) and Caco-2 (A) 
eelU. ColU ware expoeed to MMC for 2 h to Inhibit mltoele. Medium 
: waa changed to eerum-deprived medium 6 h before wounding Each 
• reagent waa added 4 b before wounding . WountJ waa created, and 
Imodium waa changed to freeh tuadlum implemented with each 
. reagent again. Cella wore farther Incubated for 24 h, and reaeallng 
i speed waa determined. Reeulte are expreeeed aa mean* * BE in - 6). 

Effect of piroxicam on cell viability. Nonsteroidal 
anti-Inflammatory drugs (NSAIDs), including piroxi- 
cam, are supposed to be toxic to intestinal epithelial 
cells above certain concentrations by uncoupling oxida- 
tive phosphorylation and degrading mitochondrial ac- 
tivity (2). Therefore, we examined the effect of piroxi- 
can en cell viability by MTT assay, which is used to 
evaluate cell viability reflecting mitochondrial activity. 
Aa shown in Fig. 4, reliability loss was observed only 
when 60 pM or more piroxicam was added to IEC-6 
cells and 500 pM or more vyaa added to Caco-2 cells. No 
effect of piroxicam on viablfe cell number was obsorved 
below these concentrations. 

Effect ofdexamtthaaone and NDOA on tht epithelial 
rtatltutton stimulated by 10% FCS. 7b validate the 
significance of the cyclooxygenaae pathway in the regu- 
lation of epithelial restitution, we examined the effect 
of the synthetic glucocorticoid, dexamethasone, and 
NDOA on epithelial restitution. Dexamethasone inhib- 
its both the cyclooxygenaae and lipoxygenase pathways 
of arachidonic acid metabolism by inhibiting phospholi* 
paao A a activity. NDOA inhibits only the lipoxygenase 
pathway. The FCS-induced increase in reseating by 
IEC-6 and Caco-2 cells was significantly reduced in a 



•how*) with a sufaruurimal tahftitld^L 
nM dexamethasone in IBO-6 cells and of < 
dexamethasone in Caoo-2 cells, A* 7 

inhibition by dexamethasone was all 

level aa that by pinndcam, and the**; 
additive effect on mealing . On the 
lipoxygenase inhibitor, NDOA, had nb ( 
ing tar either cell type. /IfcerWknr*, cycfa 
tabotttes, but not lipoxygenase metabolit 
mediate sttatilatioo by PCS of epithelial i 
Bffltct of a POI$ analogue, OP-4148W 
restitution, lb examine whether niradcu 
hiUtiou of epithelial restitution could b*i 
by the addition of exogenous PCL the ell 
POIs analogue, 0*41483, which is a! < 
ported to exert strong antiplatelet andiaat 
activities (12), was studied, As shown ixk r 
OP-41488 accelerated the epithelial resets 
delayed submajdmally fay 6 pM ptaodcaitt jil I 
and Caeo-2 cells. In IEC-6 cells, the eflfecttfl 




Pt|. 6. Effect of a itable prostacyclin wiaJofua, I, 
Hon by IBC4 U ) and Caeo-2 iB) celli, Calls were i 
2 h to Inhibit mitosis. Medium waa chawtad to?, 
medium 6 h before wounding. Piroxicam (6 pM) wis j 3 
wounding Wound was creaUd, and medium wMT 
medium implemented with 10% PCS end 5 nil i 
each concentration of OP-414SS, Cilia wtrt furtL, 
h, and rteealln* ipead was determined. Reauhil 
m«ana±SB0i»6fc 
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;*aa particularly marked, and mealing was acceler- 
^Atad to a rata even fatter than control. 

^||D»OinMION 

K^l III the present study, we demonstrated that th* 

^ ^^^"^"^^^■^^•n^nou. ««9Cta In the Intestinal eim^u5m7s&*S2 

SSlJK'iFr^^o " ^. on the foU°wb>* observe- NSAIDs, which taWW^Sll^ioSriS 

Mona to IEC4 and Caoo-2 cell*: /) EOF, TOP-B, HOP. gar tha ^•TrtnTrf 'nrtiEmnt** """P"*** 1 

SliES •^••'^ •P'thelial restitution' £d Uie «"* 

if 60 22. Uon to . d v u . eed th « M fedora was attenuated 

on epithelial restitution almost ae much as piroxi. 



."^Jw «P«ted thatPOpradiietloaUm 
in the inflamed mucosa of toflammatorr bomri ouai 
and those metaboUtee werapTrrtou^th^U^ 
mote the inflammatory prooasi lathe Intastfiati 
eoaa (9). However, unlike lipoxygenase wodSS 
hava recentiy been raporteTto^Satoi 



t . — »i».m.djiiu mmunon aunost ae much as oiroxi 
.cam, and no additive effect of piradcam and dexamefta. 
Bone was observed; 3) piradcam inhibited PO secretion 
SS^f HSS? r 08 a ? the «>»«»*«»««, that s^£ma£ 
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Japanese Patent Application Laid-Open No. 8-231418 

[ Title of the Invention ] Therapeutic Agent for Intestinal 
Disease 
[Abstract] 

[Constitution] A preventive • therapeutic agent for intestinal 
diseases which comprises as an active ingredient a hepatic 
parenchyma cell growth factor (for example, 1) having a molecular 
weight of about 76 to 92 K when it is estimated by the SDS-PAGE; 
2) having an activity to grow hepatic parenchyma cells; 3) losing 
said activity by the heat treatment at 80t for 10 minutes; 4) also 
losing said activity by the digestive treatment with trypsin and the 
digestive treatment with chymotrypsin; and 5) having a high 
affinity with heparin. 

[Effects] The active ingredient of the present pharmaceutical 
agent, HGF, exhibits an action to promote the cellular growth and 
an action to generate the organs in the cells derived from the 
intestine and is useful to the prevention • therapy of intestinal 
diseases such as inflammatory colitis. 

[Scope of Claim for a Patent] 

[ Claim 1 ] A preventive • therapeutic agent for intestinal 
diseases, comprising a hepatic parenchyma cell growth factor as 
an active ingredient. 

[Claim 2] A preventive • therapeutic agent according to Claim 
1, wherein the hepatic parenchyma cell growth factor shows the 
following physico-chemical properties: 

1) having a putative molecular weight of about 76,000 to 92,000 
estimated by SDS-PAGE (under non-reducing conditions); 
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2) exhibiting an activity to grow the hepatic parenchyma cells; 

3) losing said activity by a heat treatment at 80t for 10 minutes; 

4) also losing said activity by a digestive treatment with trypsin 
and a digestive treatment with chymotrypsin; and 

5) having a high affinity with heparin. 

[Claim 3] A preventive • therapeutic agent according to Claim 1 
or 2, wherein the intestinal diseases are an inflammatory disease 
in a lower digestive tract. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Pertains] The present 
invention relates to a preventive • therapeutic agent for intestinal 
diseases. More particularly, it relates to a pharmaceutical agent 
containing a hepatic parenchyma cell growth factor as an active 
ingredient, useful in the prevention and / or therapy of the 
intestinal diseases such as inflammatory intestinal disease. 

[0002] 

[ Prior Art ] The intestinal diseases may sometimes be 
accompanied by a tissue anomaly such as ulcer or inflammation in 
the epithelium of intestinal tissues. It has been known that those 
diseases are typicaNy represented by an inflammatory intestinal 
disease giving rise to a disorder chiefly on the mucous 
membranes or in the substratum of the mucous membranes in the 
intestine. The name of those diseases is used to mean many 
things comprehensively. They include an ulcerous colitis and a 
Crohn's disease, and intestinal diseases due to bacterial, parasite 
or viral infection, and intestinal diseases due to radiation ray, 
pharmaceutical agent or chemical substance, and an ischemic 

2 



colitis, a Behcet's disease, an isolated rectum ulcer and the like. 

(Pathology & Clinic, 10, pp. 142-151, 1992). Of those diseases, 
there were not much more than about 30,000 patients with 
ulcerous colitis or Crohn's disease in 1990, but the diseases are a 
big clinical problem because they are intractable in comparatively 
many cases and the number of the involved patients is increasing 
rapidly. Besides the surgery such as excision of inflammation 
sites, the ulcerous colitis and Crohn's diseases are treated by the 
trial administration of a salazoupyrine, a metronidazole, a steroid 
or an immunosuppressive agent. However, the cause for those 
diseases has not been made clear as yet, and it cannot be said 
that good pharmacotherapies are available for them (Progress of 
Medicine, 160, pp. 895-898, 1992). 

[0003] On the other hand, a human hepatic parenchyma cell 
growth factor (hereinafter referred to as "hHGF", and a hepatic 
parenchyma cell growth factor in general referred to as "HGF") 
was separated from the plasma of the fulminating hepatitis 
patients for the first time. The so obtained human hepatic 
parenchyma cell growth factor served as a protein factor of human 
origin to promote the growth of the hepatic cells of primary culture 
(Japanese Patent Application Laid-Open No. 63-22526). 
Thereafter, a gene encoding hHGF protein (cDNA), an amino acid 
sequence thereof (Japanese Patent Application Laid-Open No. 3- 
72883) and a production method of recombinant hHGF (Japanese 
Patent Application Laid-Open No. 3-285693) have been reported. 
Those recombinant hHGFs (hereinafter referred to as "rhHGF") 
can act as a promoter of the growth and function of the hepatic 
parenchyma cells in vitro (J. Clin. Invest., 87, pp. 1853-1857, 
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1991) and in vivo (Jpn. J. Pharmacol., 59, suppl. 1, 137, 1992). 

[0004] Furthermore, the target cells or target tissues of the 
HGF have been investigated extensively. It has been reported 
that, besides the hepatic cells, the HGF reacts with various 
epithelial cells (tubular epithelium, lung epithelium, bile-duct 
epithelium or stomach epithelium and the like), fibroblasts, 
lymphoid cells and the like, resulting in changes in their growth or 
motility. (Mitsubishi Kasei R&D Review, 7, pp. 16-24, 1993). It 
has also been established that products of the carcinogenic gene 
c-met work on the HGF-target cells as a receptor molecule. 
(Science, 251, pp. 802-804, 1991). 

[0005] Of manifold biological activities of the HGF, that of 
improving the cellular dispersion of epithelial cells in a petri dish 
has conventionally been designated as a scatter factor (SF: 
motility-improving activity). (Nature, 327, pp. 239-242, 1987). 
Later, a cell strain derived from the kidney and exhibiting a 
motility-improving activity in response to the HGF has been found 
to form a lumen depending upon the HGF when the cell strain is 
cultured in collagen gel. As a result, it has been conceived that 
the changes in motility on account of the HGF are not limited to 
the mere improvement of cellular motility but they are one step of 
the genesis (regenesis) of organs. (Cell, 67, pp. 901-908, 1991). 
However, there have been no reports on biological activity of the 
HGF on the intestinal tissues and the cells of intestinal origin and 
particularly on their growth and motility. 
[0006] 

[Problems to be Solved by the Invention and Means for Solving 
the Problems] An object of the present invention is to provide a 
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preventive • therapeutic agent for intestinal diseases. More 
particularly, it is to provide a pharmaceutical agent useful in the 
prevention • therapy of various intestinal diseases including an 
ulcerous colitis, Crohn's disease and the like. The present 
inventor has tried to find a solution in said problem in every way. 
As a result, it has been found that the HGF can promote the 
growth of cells derived from the intestine and the genesis 
(regenesis) of their organs and is useful in the prevention and/or 
therapy of the various intestinal diseases such as inflammatory 
intestinal diseases for which good therapies have not been 
established as yet. The present invention has been completed on 
the basis of those findings. 

[ 0007 ] Therefore, the present invention provides a 

preventive • therapeutic agent for intestinal diseases, which 
comprises a hepatic parenchyma cell growth factor as an active 
ingredient. According to a preferable aspect of the present 
invention, there is provided preventive • therapeutic agent wherein 
the hepatic parenchyma cell growth factor shows the following 
physicochemical properties: 1) having a putative molecular weight 
of about 76,000 to 92,000 when it is estimated by SDS-PAGE 
(under non-reducing conditions); 2) having an activity of growing 
the hepatic parenchyma cells; 3) losing said activity by a heat 
treatment at 60°C for 10 minutes; 4) also losing said activity by a 
digestive treatment with trypsin and a digestive treatment with 
chymotrypsin; and 5) having a high affinity with heparin, as well as 
the preventive • therapeutic agent wherein the intestinal diseases 
are an inflammatory disease in a lower digestive tract. Another 
aspect of the present invention is a cellular growth-promoting 
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agent and /or organogenesis-promoting agent for the cells of 
intestinal origin, which comprises a hepatic parenchyma cell 
growth factor or said preferable hepatic parenchyma cell growth 
factor as an active ingredient. 

[0008] The pharmaceutical agents of the present invention 
are characterized by comprising a hepatic parenchyma cell 
growth factor (HGF) as an active ingredient. The present 
invention can use the hepatic parenchyma cell growth factors 
isolated and purified from the humors or tissues derived from the 
mammal such as human or rat that are known as containing the 
HGF or from the cells capable of producing the HGF voluntarily. 
The present invention also can use recombinant HGFs obtained by 
the gene recombination introducing cDNA of the HGF into cells. 
Preferably, the HGFs of human origin (hHGF) are used as the 
active ingredient in the pharmaceutical agents of the present 
invention. 

[0009] Hosts to be used for producing the recombinant HGF 
are not particularly limited but, for example, E. coli, Bacilli subtilis, 
yeast, filamentous fungi, plant cells, insect cells, animal cells and 
the like may be suitably used. More specifically, the examples of 
the host cells are placentas derived from said mammal, tissues or 
blood of the patients with hepatic disease and fibroblast strains 
such as MRC-5 cells and IMR-9 cells, preferably CHO cells, and 
the like. HGF-producible transformants can be manufactured by 
incorporating expression vectors that contain cDNA encoding the 
HGF, preferably hHGF into those host cells in accordance with, for 
example, the method described in Japanese Patent Application 
Laid-Open No. 3-285693. The so obtained transformants are 
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cultured, and the HGFs are separated and collected therefrom. 
Such HGFs are preferably used in still another aspect of the 
present invention. 

[0010] The pharmaceutical agents of the present invention 
may contain a non-natural HGF as the active ingredient in place of 
said natural or recombinant HGF per se. The non-natural HGFs 
are obtained by altering the natural HGFs with the substitution, 
deletion, insertion, modification and the like of parts of amino acid, 
as much as precursor protein of the natural HGFs or their activity 
of growing the hepatic parenchyma cells are held undamaged. 
As the non-natural HGFs, the present invention can use those 
described in Japanese Patent Application Laid-Open No. 2-288899, 
PCT International Publication WO90/ 10651, Japanese Patent 
Application Laid-Open No. 3-130091, ditto No. 3-255096 and ditto 
No. 4-30000 and in the publications such as Nature, 342, pp. 440- 
443, 1989. 

[0011] In the pharmaceutical agents of the present invention, 
the active ingredient is more preferably the HGFs with the 
following physicochemical properties: 

1) having a putative molecular weight of 76,000 to 92,000 
estimated by SDS-PAGE (under non-reducing conditions); 

2) having an activity to grow the hepatic parenchyma cells; 

3) losing said activity by a heat treatment at 80°C for 10 minutes; 

4) also losing said activity by a digestive treatment with trypsin 
and a digestive treatment with chymotrypsin; and 

5) having a high affinity with heparin. 

Of this kind of HGFs, those of human origin are preferable. 
Particularly, the hHGFs identified by an amino acid sequence of 



7 



Japanese Patent Application Laid-Open No. 3-72883 or Japanese 
Patent Application Laid-Open No. 4-89499 are more preferable. 

[0012] The pharmaceutical agents of the present invention 
are prepared from one or more kinds of said HGFs singly or in 
combination with appropriate pharmaceutical additives, making 
dosage forms of medicinal composition, preferably for parenteral 
administration. The dosage forms of those medicinal 
compositions are not particularly limited as long as they are 
administered parenterally in general and, for example, the 
medicinal compositions may be filled into ampoules for injection or 
lyophilized into powder for injection (to be filled into vials). The 
pharmaceutical agents of the present invention can be prepared in 
a variety of dosage forms by using well-known pharmaceutical 
additives such as diluents and adjuncts that are readily available 
to persons skilled in the art in accordance with the procedures 
accustomed to them. 

[0013] For example, the pharmaceutical agent in the form of 
lyophilized powder for injection is manufactured in the following 
way: an effective amount of said HGF as purified is dissolved in a 
diluent such as distilled water for injection, physiological saline 
water or aqueous glucose solution. As occasion demands, the 
so obtained solution is added with the additives. Those additives 
include an excipient such as carboxymethylcellulose and sodium 
alginate; a stabilizer such as polyethylene glycol, sodium dextran 
sulfate, amino acid and human serum albumin; a preservative 
such as benzyl alcohol, bezalkonium chloride and phenol; an 
analgesic agent such as glucose, calcium gluconate and procaine 
hydrochloride; a pH adjuster such as hydrochloric acid, acetic acid, 



8 



citric acid and sodium hydroxide. Then, the mixture is lyophilized 
by a conventional method to complete desired powder. 
[ 0014 ] The pharmaceutical agent to be filled into the 
ampoules for injection is manufactured in the following way: an 
effective amount of said HGF is dissolved in a diluent such as 
distilled water for injection, physiological saline water or Ringer's 
solution. As occasion demands, the so obtained solution is 
added with the additives. Those additives include a dissolution 
assistant such as sodium salicylate and mannitol; a buffer such as 
sodium citrate and glycerin; an isotonicrmaking agent such as 
glucose and invert sugar; said stabilizer; said preservative; said 
analgesic agent, said pH adjuster and the like. Then, an ordinary 
heat treatment or sterile filtration to complete the desired 
pharmaceutical agent sterilizes the mixture. The heat sterilization 
process sometimes inactivates the active ingredient depending 
upon its kind and an appropriate sterilizing method should be 
selected according to the circumstances. 

[00151 Although it is not intended to adhere to any particular 
theory, the active ingredient, HGF, of the present pharmaceutical 
agents exhibits an action to promote the cellular growth and the 
genesis (regenesis) of organs in the cells of intestinal origin. 
More specifically, the HGF promotes the growth of the intestinal 
cells by stimulating DNA to synthesize in the cells of intestinal 
origin. Furthermore, the HGF induces the intestinal cells to 
generate the organs by exhibiting an action to improve motility 
(SF) and thus promoting the formation of lumens in the intestinal 
cells. There have been reports on the cellular growth-promoting 
action of HGFs in the hepatic cells and reports on the motility- 
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improving activity and lumen formation-promoting action of the 
HGF in the cells derived from the kidney. But those on the same 
actions of HGF in the cells of intestinal origin have not as yet 
been published. Since the hepatic cells and the cells of renal 
origin have no bearing on the cells of intestinal origin in terms of 
embryology and cytology, said actions of HGF on the intestinal 
cells are a great surprise. 

[0016] The pharmaceutical agents of the present invention 
are useful to the prevention and /or therapy of the intestinal 
diseases. The pharmaceutical agents of the present invention 
can find their application in various intestinal diseases but are 
preferably used in the prevention and/or therapy of inflammatory 
intestinal diseases giving rise to disorders on the mucous 
membranes or in the substratum of mucous membranes in the 
intestine. Examples of such inflammatory intestinal diseases are 
an ulcerous colitis and a Crohn's disease, and the intestinal 
diseases due to bacterial, parasite and viral infections, and the 
intestinal diseases due to radiation rays, pharmaceutical agents 
and chemical substances, and an ischemic colitis, a Behcet's 
syndrome, an isolated ileum ulcer and the like. The 
pharmaceutical agents of the present invention are indicated 
preferably for the inflammatory diseases in the lower digestive 
tract including the small and large intestines and more preferably 
for inflammatory diseases in the lower digestive tract including the 
small and large intestines but excluding the duodenum. Most 
preferably, they are indicated for the inflammatory diseases in the 
large intestine. The pharmaceutical agents of the present 
invention are not limited to be indicated for the diseases as 
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enumerated above. They can be indicated for any diseases 
receptive of the therapeutic and/or preventive effects resulting 
from promoting the growth of the intestinal cells and thus 
speeding up the genesis of organs. 

[00171 The pharmaceutical agents of the present invention 
may be blended with the active ingredient of other pharmaceutical 
agents exhibiting a pharmacological action similar or dissimilar to 
that of the present pharmaceutical agents. It has been known 
that the sulfated polysaccharides such as heparin and dextran 
sulfate and their derivatives can induce the active ingredient of 
the present pharmaceutical agents to increase its action to 
promote the growth of the hepatic parenchyma cells (Japanese 
Patent Appli-cation Laid-Open No. 5-301824). Therefore, the 
sulfated polysaccharides and their derivatives may as well be 
blended into the active ingredient of the present pharmaceutical 
agents. Since those polysaccharides and their derivative exhibit 
an action to improve stability of the present pharmaceutical agents, 
their blending is still another preferable aspect of the present 
invention. 

[0018] Generally, the pharmaceutical agents of the present 
invention are administered parenterally and, more specifically, 
subcutaneously, intramuscularly or intravenously for the purpose 
of the prevention and/or therapy of said diseases in mammal 
including human being. A predetermined amount of the present 
pharmaceutical agents is administered generally by injection in 
one single dose or in a plurality of doses or continuously 
administered by instillation and the like. The dosage should be 
determined, depending upon the age, sex, conditions and 
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bodyweight of the patients and the route of administration and the 
like. In general, an adult patient suitably receives the present 
pharmaceutical agents in a range of 1 \i g/kg to 10 mg/kg, 
preferably 10 to 1000/z g/kg per day. 
[0019] 

[Examples] The present invention will be described in greater 
detail below, with reference to examples, but those examples 
should not be construed as limiting the scope of the present 
invention. In those examples, a recombinant hHGF (rhHGF) 
manufactured by the method described in Japanese Patent 
Application Laid-Open No. 3-285693 was used as the HGF. 
Furthermore, it had previously been observed that, when the cell 
strains were cultured under the ordinary conditions by using the 
fetal bovine serum (FBS) in a concentration of about 5 to 10%, 
they were grown with too much dependence on the FBS. 
Therefore, the cell strains capable of growing in a low FBS 
concentration of 0 or not much more than 1% and detecting the 
reactivity with HGF were put to use. Three kinds of the cell 
strains of intestinal origin were obtained from Dainippon 
Pharmaceutical Co., Ltd. and used in the following experiments. 
The so obtained cell strains included (1) Intestine 407: derived 
from the human embryonoid small intestine; (2) IEC-6: an 
epithelial cell derived from the rat small intestine; and (3) IEC-18: 
an epithelial cell derived from the rat ileum. 
[0020] Example 1: The action of HGF on the DNA synthesis 
in the cells of intestinal origin 

Said cell strains were grown to the semi-confluence, 
exfoliated with a trypsin solution (Sigma Corporation) and 
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suspended again in an Eagle's MEM medium containing 0.25% of 
fetal bovine serum. The number of cells in the suspension was 
counted, and the suspension was inoculated on 96 well plates 
respectively in an amount of 100 n I , to make 10 4 cells per well. 
The cells hardly to grow without serum were added with the bovine 
serum to make the final bovine serum concentration of 1%. Then, 
a suspension of hHGF in 0.25% of bovine serum albumin (BSA) 
was added to the cell-inoculated 96 well plates respectively in an 
amount of 100 u I. The mixture was adjusted to make the final 
HGF concentration of 0 to 1,000 ng/ml, and the plates were 
incubated in a C0 2 incubator (5% C0 2 -95% air) for 24 hours. In 
final 4 hours of the culture, the cells were labeled with 3 H 
thymidine in an amount of 1 /i Ci/well and thereafter collected 
on a glass filter by a cell harvester (Pharmacia Corporation). The 
cells were well washed and dried and a scintillator was added to 
them. Thereafter, the radioactive activity incorporated into the 
cells was measured by a liquid scintillation counter (Hewlett- 
Packard Corporation). 

[0021] Fig. 1 and Fig. 2 are diagrams showing the action of 
hHGF to promote the synthesis of DNA with dependence on the 
hHGF dose in the cells of intestinal origin. The concentration of 
HGF (ng/ml) was plotted in terms of logarithm on the axis of 
abscissa. The uptake of 3 H thymidine (cpm) by cellular DNA was 
plotted as an index of cell growth on the axis of ordinates. In Fig. 
1, O represents the uptake of thymidine by Intestine 407 grown 
under the condition of no serum and • the uptake of thymidine 
by IEC-6 grown under the condition of 1% of serum. In Fig. 2, O 
represents the uptake of thymidine by IEC-18 grown under the 
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condition of no serum and • the uptake of thymidine by IEC-6 
grown under the condition of no serum. 

[0022] It is evident in all the cases that the growth of the cells 
of intestinal origin was promoted, depending upon the HGF 
concentration. On the other hand, it was found that the cell 
growth had a tendency of inhibition in a range of high HFG 
concentrations (>20 ng/ml). The same findings had previously 
been reported as a result of a study using the hepatic cells. The 
detail of the involved mechanism has remained unknown now. 
But the mechanism would presumably be accounted for by the fact 
that the peak occurs in the derived DNA synthesis after 48 hours 
in the presence of high HGF concentrations, although it is not 
intended to adhere to any particular theory. (Exp. Cell Res., 209, 
pp. 317 to 314, 1993). 

[0023] Example 2: The action of hHGF to improve motility or 
promote the genesis of organs in the cells of intestinal origin 

It is evident from the results as described above that the HGF 
had the activity to promote the growth of the cells of intestinal 
origin in all the cases wherein 3 cell strains of intestinal origin 
were tested. Thus, an investigation was conducted in an attempt 
to make clear the action of hHGF on motility and the genesis of 
organs in the cells of intestinal origin. In the investigation, a 
predetermined amount of hHGF was added to a system culturing 
the cells of intestinal origin in the presence of 10% or 0.5% of 
FBS, comparing the state of cells in the HGF-added system with 
that of the HGF-free system after 24 hours. 

[0024] The 3 cell strains of intestinal origin used in Example 1 
were exfoliated with the trypsin solution and suspended again in 
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an Eagle's MEM medium containing 10 or 0.5% of FBS, to make 
0.625 to 5X10 4 cells/ml. The cell suspension was inoculated on 
24 well plates (Coster Corporation) respectively in an amount of 1 
ml. Immediately thereafter, the hHGF or hHGF-suspended buffer 
(the Eagle's MEM medium containing 0.25% of BSA) in the final 
concentration of 40 ng/ml was added to the cell suspension and 
the two were mixed and the plates were incubated in the C0 2 
incubator (5% C0 2 -95% air) for 24 hours. Then, the cells were 
observed by an inverted microscope (NIKON CORP.: 100 to 200 
magnifications) and photographed by a Polaroid camera (Polaroid 
Corporation). 

[0025] Fig. 3 shows the results of the investigation that the 
hHGF having a physiological concentration (40 ng / ml) can 
exhibit the action to improve motility in the cell strains of intestinal 
origin, IEC-6 (a, b) and IEC-18 (c, d). (b and d show the results 
in the presence of hHGF). Furthermore, when the hHGF (40 ng 
/ml) acted on the cell strain of intestinal origin, IEC-18, in the 
presence of 0.5% of FBS, a stereostructure in the shape of a 
lumen was observed in the cells of intestinal origin, evidencing 
that the genesis of the organ was promoted. (Fig. 4, a shows the 
state of cells before the hHGF was added and b shows the state of 
cells after the hHGF was added). 

[ Effects of the Invention ] The active ingredient of the present 
pharmaceutical agents can exhibit the action of growing the cells, 
the action of improving motility and the action of generating the 
organs in the cells of intestinal origin. Therefore, the present 
pharmaceutical agents are useful to the prevention and / or 
therapy of the intestinal diseases such as ulcerous colitis and 
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inflammatory colitis. 
[Brief Description of the Drawings! 

[Fig. 1] is a diagram showing the action of hHGF to promote 
the synthesis of DNA with dependence on the hHGF dose in the 
cells of intestinal origin. In the figure, the axis of abscissa plots 
the concentrations of HGF (ng/ml) in terms of logarithm and the 
axis of ordinates plots the uptake of 3 H-thymidine (cpm) by 
cellular DNA as an index of the cell growth. 

O represents the results of Intestine 407 and • those of IEC-6. 

[Fig. 2] is a diagram showing the activity of hHGF to promote 
the synthesis of DNA with dependence on the hHGF dose in the 
cells of intestinal origin. In the figure, the axis of abscissa plots 
the concentrations of HGF (ng/ml) in terms of logarithm and the 
axis of ordinates plots the uptake of 3 H-thymidine (cpm) by 
cellular DNA as an index of the cell growth. O represents the 
results of IEC-18 and • those of IEC-6. 

[Fig. 3] is a photograph in place of a diagram, to show the state 
of cells (biological) accounting for the action of hHGF to improve 
motility in the cells of intestinal origin, a and b are for IEC-6 and 
c and d are for IEC-18. a and c represent the results before and 
b and d those after the hHGF was added. 

[Fig. 4] is a photograph in place of a diagram, to show the state 
of cells (biological) accounting for the action of hHGF to promote 
the genesis of the organs in the cells of intestinal origin. a 
represents the results before and b those after the hHGF was 
added. 
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Summary: Hepatocyte growth Jaoter (HGF) stimulated the growth of fetal Vat gastro- 
intestinal epithelial cells in primary dilture with a clear dose-response relationship. 
The epithelial response to theiYiitogenic activity of HGF was different among the 
region of the gastro-intestinal tract; glandular sto mach most responsive, followed by 
: " intestine - a nd- tor sslumael i. I lre^frrareet' ' ^ 



inducing the epithelial growth was also different depending on the typp of the epithelial 
cells, indicating a region-specific growth regulation in the gastro-intestinal tract. 
Analyses using Northern blot and RT-PCR revealed that HGF mRNA was expressed 
only in mesenchymes but not in epithelia of the gastro-intestinal tract while expression 
of c-met (HGF receptor) gene was observed in both tissues. These results suggest 
that gastro-intestinal mesenchymes secrete HGF which stimulates the growth of 
attaching epithelial cells by a paracrine mechanism, and that the epithelial response to 
HGF is controlled by a region-specific growth regulatory mechanism, © 1994 Academic 



Press, Inc. 



Introduction: Hepatocyte growth factor (HGF) was first purified from the plasma of 
partially hepatectomized animals on the basis that it stimulated DNA synthesis of 
cultured hepatocytes (1, 2, 3). Recent studies show that HGF stimulates growth of not 
only hepatocytes but also various epithelial cells (4). Takahashi et al. (5) recently 
reported that HGF stimulated growth of rabbit gastric epithelial cells in primary culture, 
but they stated that significant fraction of their cultures was fibroblastic cells. Thus it 
remains to be examined whether HGF stimulates gastric epithelial growth directly or 
via contaminated fibroblastic cells. Also it is of interest whether HGF affects epithelial 
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growth of other gastro-intestinal organs. We have reported primary culture systems for 
mtest.nal (6), glandular stomach (7) and forestomach epithelial cells (8) In our 
systems, pure epithelial cells without any contamination of fibroblastic cells'could be 
obtained from various parts of gastro-intestinal tract, and growth factor dependency of 
he eprthelial cells has been clearly defined. (8). Here we examined effects of HGF or, 
the growth of various gastro-intestinal epithelial cells in primary culture. 

Materials and Methods 

previously reported ra)wL„„a^h2S/? h f ,e5 Rlwr J , apm) ' and cultured » 

Sed?n F^2 Lit?. * Jres,omach "* 9todular stomach epithelial cells were 
- 7 . „ ."If 1 "" """P"""*"- 1 "-"l h rr rn -mm (mil,), L.uiirm .iliuiUu -Jam 

(1UO w ojml), EGF (10 ng/ml). insulin (3 .up/ml), cholera toxin 0 3 ToArtT and 

e>LL2 Ti l l" 068 W6re considered significant when p<0.05 

™ lyzed ^ Northern blotting as described elsewhere (10) Rat HGF and c m«A 
cDNA fragments were prepared by polymerase-chain-reac^ion PGR amplification f 

SE^^JS"^ 1 a - p32,dCTP usin9 

1 • nd USed as the P robe for hybridization. 

theTp'Sr^ 'T''™ < RT - PCR >' p ™™ ^ecific for 

primer ^^rl^r^rXFA^™*' C AAC ACAAACAAC AGTAGG-3'; 3'- 
thoTe for ^^oln^P CAAGAACCA * 3 *' size of tne am P |ified fragment, 585 bp) 
^TTC^TOlrf-?;^' 5 '; TGATGAAT GCCCCAGCGGTA-3'; 3--primer. 5'- , 
JrHn !Inf ?«? G c AT " 3 ' S ' 28 of lhe am P |ifiecl fraame n*. ^5 bp) and those for 3 i' 
^SSot^SSSS ? ^ C6 T0GGCCQCCCTAGGCA^; 3'-primer, 5^TGGCCTT- ' 
ItuTrZl ^ ' S ' Ze ° f the amplified fra 9 ment ' 244 b P) were synthesized 

1^?^^ (ApP ' ied Bi0SySl6ms ' U * A) For each reacti °" 1 * 9 of 
P vn?h« ,L^mK re5 P, ect,ve ^sues was reverse transcribed to cDNAs using cDNA 

^ SW6den) ' and the resu,tina cDNAs «•« subSd to 25 
p, 4 R °£ S ° R U , S ' n9 ^P" 1 ^ DNA P 0| ymerase (Perkin Elmer Cetus, USA) The 
PCR products were electrophbresed through a 2.0% agarose gel in 1xTBE buffer 

JZ irVT^ ° f HGF and ^ mRNA levels, competitive PCR meUwd was 
frllS^T 9 t0 Gi " iland et al(11 >- As compete templates subcToneS DrS 

Equal amounts of cDNA products were amplified in the presence of serial diluZs of 
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Fibroblasts and transforming growth factor beta induce 
organization and differentiation of T84 human epithelial cells. 

Halttunen T, Marttinen A, Rantala I, Kainulainen H, Maki M. 

Institute of Medical Technology, University of Tampere, Finland. 

BACKGROUND & AIMS: The gut epithelium in the crypt-villus axis 
represents a continuous developmental system in which the role of fibroblast 
epithelial interactions is obvious. The aim of this study was to establish an in 
vitro method whereby fibroblast-guided differentiation of crypt-like gut 
epithelial cells can be studied. METHODS: Intestinal epithelial cells (T84 an 
HT-29) were cultured within type I collagen gel together were fibroblasts 
without cell-to-cell contact. T84 cells were also grown in the presence of 
transforming growth factor beta and hepatocyte growth factor. The gels were 
studied using light and electron microscopy and histochemical and 
immunohistochemical methods. RESULTS: The epithelial cells formed 
unorganized cell clusters within the gels, but when given fibroblast support, 
76% of the T84 cell colonies (not HT-29) organized into luminal formations, 
and basement membranes including laminin were well deposited. The cells ii 
the columnar single cell-layer luminal formations (49% of all colonies) were 
differentiated, showing microvilli, up-regulated alkaline phosphatase brush 
border activity, and mucin profiles typical for small intestine. This fibroblast 
induced organization and differentiation was induced by transforming growtl 
factor beta. CONCLUSIONS: Crypt-like T84 epithelial cells are able to 
differentiate when grown three-dimensionally together with fibroblasts or 
transforming growth factor beta. This method may be used for mesenchymal 
epithelial cell cross-talk studies. 



PMID: 8898639 [PubMed - indexed for MEDLINE] 



I Abstract 



Show: |20 1H |Sort H 



Write to the Help Desk 
NCBI 1 NLM | NIH 
Department of Health & Human Services 
Privacy Statement | Freedom of Information Act | Disclaimer 



http://ww.ncbi.nlm.mh.gov 12/16/2004 



i Gastroenterology I996;iu:i282»i20a 

i 



Fibroblasts and Transforming Growth Factor p Induce 
Organization and Differentiation of T84 Human Epithelial Cells 

TUULA HALTTUNEN,* AULIS MARTTINEN/ IMMO RANTALA, S HEIKKI KAINULAINEN * 
and MARKKU MAW*' 11 

♦Institute of Medical Technology and ♦Medical School, University of Tampere, Tampere; and Departments of 'Pathology and "Pediatrics 
Tampere University Hospital, Tampere, Finland ' 



Background & Alms : The gut epithelium in the crypt- 
vlllus axis represents a continuous developmental sys- 
tem in which the role of fibroblast-epithellal interac- 
tions Is obvious. The aim of this study was to establish 
an In vitro method whereby flbroblast-guided differentia- 
tion of crypt-like gut epithelial cells can be studied. 
Methods : Intestinal epithelial cells (T84 and HT-29) 
were cultured within type I collagen gel together with 
fibroblasts without cell-to-cell contact. T84 cells were 
also grown in the presence of transforming growth fac- 

led using light and electron microscopy and histochemi- 
cal and immunohistochemlcal methods. Results : The 
epithelial cells formed unorganized cell clusters within 
the gels, but when given fibroblast support, 76% of the 
T84 cell colonies (not HT-29) organized Into luminal 
formations, and basement membranes including lami- 
nin were well deposited. The cells in the columnar sin- 
gle cell -layer luminal formations (49% of all colonies) 
were differentiated, showing microvilli, up-regulated al- 
kaline phosphatase brush border activity, and mucin 
profiles typical for small intestine. This fibroblast-in- 
duced organization and differentiation was induced by 
transforming growth factor p. Conclusions : CrypMike 
T84 epithelial cells are able to differentiate when grown 
three-dlmensionally together with fibroblasts or trans- 
forming growth factor 0. This method may be used for 
mesenchymal-epithelial cell cross-talk studies. 

The small intestinal crypt-villus axis is an interesting 
model for epithelial cell proliferation and differenti- 
ation. 1 Recent studies have shown that mesenchymal- 
epithelial instructive interactions as well as interactions 
with extracellular matrix are needed for epithelial cell 
movement and differentiation. 23 Mesenchymal fibro- 
blasts, which lie just beneath the epithelial basement 
membrane in the intestine, 4 especially play a central role 
in epithelial cell biology through the growth factors and 
cytokines they produce. 5 " 7 

Hepatocyte growth factor (HGF) and transforming 
growth factor (TGF)-P are known fibroblast-derived fac- 
tors affecting epithelial cell proliferation, differentiation, 



and motility (for review, see Matsumoto and Nakamura 8 
and Derynck 9 ). HGF has recently been shown to be a 
mitogen, motogen, and morphogen for murine kidney 
epithelial (MDCK) cells. In fact, HGF was shown to 
induce the tubulus formation of MDCK cells when 
grown within collagen gels, i0 and it is now obvious that 
this fibroblast-derived growth factor is important for epi- 
thelial cells in development and organogenesis. 11,12 TGF- 
P works in the opposite way, inhibiting epithelial cell 

neous signaling for the terminal differentiation path- 
way, 9,13,14 and it seems to work as an antagonist for 
HGF. 15 

Hayward and Whitehead 16 studied the three-dimen- 
sional behavior of a colon carcinoma cell line. However, 
the role of fibroblasts in three-dimensional gut epithelial 
cell organization and differentiation has not been re- 
ported. As targets for fibroblast-derived growth factors, 
we chose the commonly used human intestinal epithelial 
cell lines HT-29 and T84. The cell line T84, derived 
from a colon carcinoma lung metastase, is widely used as 
a model for CP secretion studies and crypt cell biology. 17 
Although representing transformed cells, the T84 cell 
model evinces striking similarities to the natural mam- 
malian epithelium in the regulation of Cl~ secretion. 
T84 cells display the phenotype of the natural crypt 
epithelium; when grown as confluent monolayers on col- 
lagen-coated permeable supports, they form well-lineated 
intracellular junctions including continuous circumfer- 
ential tight junctions. 18 These cells are also capable of 
goblet cell differentiation and mucin secretion. 19 How-. 

Abbreviations used in this paper: BME, basat medium (Eagle); 
DMEM/F-12, a nutrient mixture of Dulbecco's modified Eagle me- 
dium and Ham's F-12; FCM, fibroblast-conditloned medium; FCS, 
fetal calf serum; FS, foreskin fibroblast; HGF, hepatocyte growth 
factor; hHGF, recombinant human HGF; LAP, latency-associated pro- 
tein; MDCK, murine kidney epithelial cell line; hTGFfll, recombinant 
human transforming growth factor pi; TGF, transforming growth fac- 
tor. 

© 1996 by the American Gastroenterological Association 
00!6-5085/96/$3.00 
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In light microscopy, two types of T84 one-ceil layer 
luminal formations were noticed (Figure 3). In one type 
the lumens were large and the mean height of the epithe- 
lial cells was 12 Jim (SD, 4 Jim; n = 58), whereas the 
other showed a smaller lumen with an average epithelial 
cell height of 40 |lm (SD, 10 Jim; n = 63). In the latter, 
the nuclei of the cells were situated in the basal poles. 
Under electron microscopy, the thinner epithelial cells 
were cuboidal with irregular and distorted microvilli 
(Figure 4A). The large lumen of these organized epithe- 
lial cell colonies indicates these crypt-like cells to be in 
a secretory stage. The taller epithelial cells were morpho- 
logically columnar, and the microvilli were well devel- 
oped (Figure 4B). The skeleton of the microvilli and the 
cytoplasmic anchorings were well formed. In both types 
of luminal formations, goblet, cells were occasionally 
found (data not shown). In the luminal formations, the 
epithelial cells expressed well-formed apical intercellular 
junctions and the intercellular spaces were tight. 

We hypothesized that the morphologically differenti- 
ated columnar type of cells with basal nuclei and micro- 
i^^vf^ 



tion. To show this, expression of brush border alkaline 
phosphatase, mucine profiles, and sucrase isomaltase were 
studied. Moderate to strong alkaline phosphatase stain- 
ing was found only at the apical sites of T84 luminal 
formations. In cocultures with FS, differentiated colum- 
nar T84 cells in the luminal formations showed moderate 
to strong alkaline phosphatase activity on average in 1 1% 
of the colonies (range, 0%-20%), in IMR-90 cocultures 
in 35% (range, 20%-58%), and in control cultures (T84 
alone) in <1% (range, 0%-2%) (Table 1). The alkaline 
phosphatase activity is confined to luminal formations 



Figure 1. {A) ThreeKllmensional cultures (10 days) of human intesti- 
nal epithelial cells (T84) without fibroblast support form round colo- 
nies (hematoxylin staining; bar = 30 urn). (B) Electron microscopy of 
the colonies shows loosely packed cells with wide intercellular spaces 
{arrowheads) and occasional cell junctions (arrow). 



dimensional organization of T84 intestinal epithelial 
cells. In control experiments, organization occurred in 
only 8% of the colonies (range, 0%-25%; 15 indepen- 
dent experiments). FS-, IMR-90- , and FCM-induced lu- 
menal formation differed significantly from that of con- 
trols (P < 0.001) (Figure 2\ 




8 12 
Time (days) 



16 



20 



Figure 2. Mean curves for the time course of the T84 cell organiza- 
tion. Epithelial cells were cocultured with IMR-90 or FS fibroblasts or 
with FCM and without any fibroblast support (control). The amount of 
organized structures Is presented as percentage of the total number 
of colonies. ***Statlstlcal significance (P < 0.001) vs. control; the 
bars represent ±SEM at days 8 and 14. 
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wiffc columnar but doc with cuboidal T84 cells (for IMR* 
90, mean of 33* vt . I %; P < 0.001 ). A typical example 
of moderate/strong alkaline phosphatase staining at the 
apicml site of differentiated type of luminal formation is 
shown in Figure 5. 

To determine whether the differentiated columnar 
ceUs in the luminal formations represent small bowel - 
type enterocytes or colonocytes, we studied the brush 
border mucin profiles of the cells. The staining showed 
that the differentiated columnar T84 cells in the luminal 
formations were negative for sulfomucin, with the mucin 
predominantly present in the colon. In contrast, these 
differentiated cells showed at apical sites sialomucin 
staining, as did the villus tip epithelial cells in normal 
human duodenal sections (Figure 6A and B). This stain- 
ing was negative in luminal formations with undifferen- 
tiated cuboidal T84 cells and in the crypt cells of human 
duodenal mucosa. 

T84 epithelial cells in organized luminal formations 
did not stain positively with antiserum against sucrase- 
isomaltase in paraffin sections, although it was detected 
^ia^ntraLstaim^ 



opsy specimens (data not shown). 

In T84 epithelial cell-fibroblast collagen gel cocul- 
tures, the: basement membranes were well deposited in 
both the undifferentiated and differentiated types of lu- 
minal formations. This was clearly shown by the silver 






Figure 3. Light microscopy of the thin sections of the fibroblast-sup- 
ported T84 colonies shows two distinct types of structures: a large 
lumen (★) lined by a thin one-cell layer of cuboidal epithelial cells and 
thick-walled colonies with a small lumen and a one-cell layer of large 
columnar epithelial cells with basally situated nuclei (arrows) (hema- 
toxylin staining; bar = 40 urn). 




Figure 4. Electron microscopy shows that (A) the thin epithelial cells 
are cuboidal with occasional irregular microvilli (bar = 1 jim) and 
(0) the enterocyte-like epithelial cells are columnar, and have well- 
developed microvilli facing the lumen (bar= 500 nm). 
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Table 1. Intensity of Alkaline Phosphatase Staining in Different Colony Types Expressed as Mean Percentages of Total 
Colony Counts 



Unorganized cuboldal 



Organized cuboidal 



Organized columnar 








No. of 




-/+ 


++/+++ 




-/+ 


++/+++ 




7+ 


++/+++ 


Total 




Independent 


























Culture 


experiments 


% 


SO 


% 


SD 


% 


SD 


% 


SD 


% 


SD 


% 


so 


<* 


T84 (control) 


15 


93 


6.0 


0 




4 


4.0 


0 




3 


2.4 


0 




100 


T84 + FS 


11 


6* 


6.3 


0 




48* 


11.8 


4 


4.6 


31* 


5.8 


11' 


5.9 


100 


T84 + IMR-90 


11 


19' 


10.0 


0 




29* 


io.a 


1 


1.4 


16' 


2.3 


36* 


14.0 


100 



NOTE. -/+ and + +/+++ denote non/stight or moderate/strong intensity of alkaline phosphatase staining. Values represent the mean and 
SD percent of colony types (number of colonies examined per well was 2=50). 
*P < 0.001 vs. T84 cultures with no fibroblast support * 



impregnation staining (Figure 7 A) and by immune stain* 
ing for laminin (Figure 7B). Without fibroblastic sup- 
port, only some spot-like irregularly situated basement 
membrane staining was seen within the T84 cell clusters. 



Effects of HGF and TGFpl on the Three* 
Dimensional Behavior of T84 Cells 

To study whether HGF was involved in the orga- 



In contrast to T84 cells, HT-29 intestinal epithelial 
cells failed to organize in the present three-dimensional 
fibroblast-epitheiial cell coculture system. The unorga- 
nized round cell clusters were similar to T84 control 
cultures. Only T84 cells were used in additional experi- 
ments. 




Figure 5. A typical moderate/strong alkaline phosphatase staining 
{arrow) of a differentiated T84 colony cocultured with IMR-90 fibro- 
blasts. Apical reaction Indicates that epithelial cells may have an 
absorptive function {bar - 20 jim). 



munostained the cells for the HGF receptor c-met. The 
receptor was highly expressed in the unorganized T84 
cell colonies that were not given fibroblast support (Fig* 
ure 8A). The receptors were mainly situated on the cell 
membrane at the basolateral site. When T84 cells were 
cocultured with fibroblasts, the receptor was clearly 
down-regulated because the staining intensity was mark- 
edly reduced in all the luminal formations (Figure SB). 
Next we added hHGF at 20 ng/mL to the culture me- 
dium in the absence of fibroblasts. hHGF did not induce 
three-dimensional T84 epithelial cell organization 
within the gels. In contrast, the cell colonies were clearly 
larger and more irregular than those seen in control cul- 
tures, indicating an increased proliferation rate. This was 
confirmed in the CellTiter96 AQu^ Non-Radioactive 
Cell Proliferation Assay because hHGF at 20 ng/mL in- 
creased T84 cell proliferation 2.4-fold from that observed 
in control cultures (Figure 9). 

The effect of hTGF-Pl on T84 cells, grown in three- 
dimensional collagen gel, was tested. Different concen- 
trations of hTGF-Pl were added to the culture medium 
instead of fibroblasts. With added hTGF-Pl, the number 
of differentiated type of luminal formations increased 
dose-dependently within a week (Figure 10). Organiza- 
tion into morphologically differentiated luminal forma- 
tions reached its maximum (mean, 65%; range, 63%- 
67%; colonies counted in two wells of three independent 
experiments) at an hTGF-f)l concentration of 20 ng/mL. 
Further doubling of the hTGF-Pl concentration to 40 
ng/mL reduced the luminal structures to the same level 
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Figure 6. HigWron diamine- alcian blue staining shows slalomucins 
(blue) on (4) normal human duodenal villus Up brush border and (B) 
on the apical surface of enterocyte-like differentiated T84 cells (bar 
= 20 urn). 



as observed at a concentration of 10 ng/mL (at 40 ng/ 
mL; on average, 57%; range, 54%-60%; 50 colonies 
counted from duplicate wells in five independent experi- 
ments). These morphologically differentiated luminal 
formations represented 93% of organized colonies in the 
hTGF-pl -containing cultures. The mean count of orga- 
nized colonies in the accurate controls was 6% (range, 
3%-9%) of the total colony count. Alkaline phosphatase 
activity on the apical site of the organized and morpho- 
logically differentiated T84 cells was strong, indicating 



functional differentiation as well. In the proliferation 
assay, hTGF-^1 slightly reduced the proliferation rate of 
T84 cells (Figure 9). 

Effects of Neutralizing Antibodies Against 
HGF, TGF-f), and LAP on Fibroblast- 
Induced Three-Dimensional Behavior of 
T84 Cells 

To further elucidate the possible role of HGF in 
the fibroblast-supported three-dimensional organization 
of epithelial cells, the cocultures were blocked with anti- 
bodies against hHGF. The T84 cell organization was 
not regulated by HGF because the number of organized 
colonies was as in controls (on average, 59% vs* 61%). 
Antibodies against hHGF slightly reduced the diameter 
of unorganized T84 epithelial cell colonies from 72 \Xm 
(SD, 29 \im; duplicate wells in five independent experi- 
ments, with at least 50 colonies per well counted) to 6l 
lim (SD, 27 \im; P < 0.05), thus indicating inhibition 
of proliferation. 

To determine whether the fibroblast-induced differen- 

cific neutralizing antibodies against TGF-0 andanri^- 
ies against LAP were used to test possible suppression 
of the formation of the differentiated type of luminal 
formations. Irrelevant rabbit antibodies against human 
IgG served as control, with no effect on luminal forma- 
tion distribution. By adding TGF-0 antibodies to the 
cocultures, the percentage of fibroblast-induced differen- 
tiated-type colonies was reduced from the accurate con- 
trol level of 42% to 15% (P < 0.001; Table 2). The 
antibodies against LAP were even more effective in 
blocking the formation of differentiated type of luminal 
structures, reducing it to 6% of all colonies. The overall 
colony type distribution was identical to that seen in 
control experiments without fibroblastic support (Table 
2). 

In addition, the use of antibodies against TGF-0 and 
LAP in the cocultures seemed to increase the proliferation 
of T84 cells. The diameters of unorganized cell clusters 
increased from a mean of 90 \im (SD, 56 Jim; duplicate 
wells in five independent experiments, with at least 50 
colonies per well counted) to 1 1 1 \im (SD, 5 1 fim; P < 
0.05) in TGF-p-blocked cultures and to 120 jlm (SD, 
50 Jim; P < 0;01)in cultures to which antibodies against 
LAP were added. 

Discussion 

Many studies have shown that constituents of the 
extracellular matrix 23 ' 24 and cell-to-cell interactions 3 
make important contributions to epithelial cell differen- 
tiation, but it has also been shown that many peptide 




Figure 7. Organized T84 cells cocultured with fibroblasts show clear basement membrane formation (arrows) by [A) silver Impregnation staining 
and (B) immunohistochemical staining of lamlnin {bar = 25 \ur\). 



growth factors are essential. 6 Signals transmitted from 
mesenchyme to epithelia or vice versa in the form of 
growth factors constitute the basis of reciprocal mesen- 
chymal-epithelial interactions, which are thought to play 
a vital role in epithelial cell growth and differentiation. 25 
To study fibroblast-guided morphological changes and 
differentiation of intestinal epithelial cells, we used a 
three-dimensional coculture system with transformed in- 
testinal cell lines, HT-29 and T84. Both of these cell 
lines are commonly used in studies of intestinal epithelial 
cell biology. 

The present study, using"? three-dimensional cocut- 
ture system, showed for the first time that the crypt-like 
secretory human gut epithelial cell line T84 organizes 
and differentiates when given fibroblast support or TGF- 
fjl. Furthermore, we show that fibroblast-induced T84 
differentiation is mediated via TGF-0. 

It has been shown that MDCK cells are able to polarize 
and form tubular structures when embedded in crude rat 
tail type I collagen gels. 10 In our model, using similar 
test conditions, human T84 intestinal epithelial cells 
were not able to form luminal structures without fibro- 
blast support, but in fibroblast cocultures these cells re- 
sponded with three types of colonies, globule clusters, 
and two types of three-dimensionally organized lumenal 
formations. The cuboidal cells in unorganized cell clus- 
ters and in organized luminal formations corresponded 
to the subtypes of the cell lineage that have teen reported 
to exi$t in monolayer cultures. 18 We also observed a third 
colony type in which the T84 crypt cells turned, out to 



be fully differentiated. The differentiation was described 
with the same criteria as for Caco-2 26 ' 27 and for IEC- 
6 13 cells. In addition, both types of luminal formations 
presented occasional goblet cells (data not shown), which 
is in agreement with the results of McCool et al. 19 HT- 
29 cells, in contrast to T84 cells, failed to form luminal 
structures when grown three-dimensionally with IMR- 
90 or FS fibroblasts. In monolayer cocultures with IMR- 
90 fibroblasts as feeder layer, the HT-29 cells were able 
to grow in lumen-shaped formations (data not shown). 
The latter result is in agreement with observed lumen 
formation in monolayer cultures in the presence of 
HGF, 28 a factor that IMR-90 cells are known to pro- 
duce. 29 

In previous studies, the cooperation of mesenchymal 
and epithelial ceils in basement membrane formation has 
been clearly shown, 3031 and it has been assumed that 
straight epithelial-mesechyme cell-to-cell contact is 
needed. However, our study shows that no cell-to-cell 
contact is needed for silver stain— positive basemeht 
membrane formation or laminin deposition because the 
present coculture method allows no straight cell-to-cell 
contact. The basement membrane was well deposited 
around both types of luminal formations, indicating the 
importance of basement membrane for organized epithe- 
lial ceil polarization, which is most probably the first 
step to be taken in epithelial cell differentiation. 

The forming of tubular structures by MDCK cells 
have been shown to be stimulated by HGF and inhibited 
by TGF-p. 15 Intestinal T84 cell line behaved clearly dif- 
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Figure 3. Immunohistdchemical staining of the HGF receptor c-met 
(4) AT84 cell colony cultured without fibroblast support shows strong 
red staining of c-met, (S) whereas in a colony cultured with IMR-90 
fibroblasts, c-met is far less markedly stained. (C) The specificity of 
staining was confirmed by blocking the c-met antiserum with h-met 
peptide {bar=- 20 u.m). 



ferently from the MDCK cells, and the organization and 
differentiation of the cells in our three-dimensional cell 
culture system was shown to be caused by TGF-fJ. When 
hTGF-pl substituted the fibroblasts in the present cocul- 



5 10 20 HGF 

10 20 40 TGF-01 

Figure 9. Effect of different concentrations of hHGF (5, 10 v and 20 
ng/mL of medium) and hTGFfl (10, 20, and 40 ng/mt of medium) 
on the proliferation of T84 epithelial cells cultured for 2 days with the 
growth factors. The results are arbitrary values compared with control 
culture without any added growth factors. 

tures, the number of globular luminal formations with 
differentiated epithelial cells was highly elevated. Anti— 
TGF-P and anti-LAP antibodies blocked the fibroblast- 
induced differentiation as well. 

TGF-P seems to be a multifunctional growth factor. 32 
Our results suggest that TGF-p regulates the transition 
from undifferentiated mitotically active epithelial cells 
to nondividing enterocytes committed to terminal differ- 
entiation. The first step in this pathway might be the 
inhibition of proliferation by down-regulation of recep- 
tors contributing to positive proliferation signaling, as 
seems to be the case with c-met expression. 33 The second 
step is modulation of extracellular matrix composition, 34 
which in turn regulates epithelial ceil differentiation. 33 
HGF and its receptor c-met 36 represent a paracrine 
signaling system involved in mesenchymal-epithelial cell 
interactions during development and morphogenesis. In 
the present study, HGF did not induce the organization 
of T84 cells but increased the proliferation rate instead. 
This is in contrast to the finding by Nusrat et al., 7 possi- 
bly because in our experiments HGF was served at the 
basolateral site, where its receptor c-met is also situated. 
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Figure 10. Dose effect of TGF-0 on the three-dimensional colony dif- 
ferentiation of T84 cells cultured in collagen gel without fibroblasts. 



C-met was highly expressed on T84 colonies grown 
within collagen gels without fibroblast support or added 
growth factors. Interestingly, when T84 cells were given 
fibroblast support, the receptor expression was down- 
regulated because there was only slight if any staining 
seen around the vesicles with differentiated epithelial 
cells. This result was unexpected because the expression 
of c-met on malignant cells has been stated not to 
change 37 and may be considered as additional evidence 
of T84 cell differentiation. 
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The present study clearly shows that the deep-crypt 
secretory T84 cells undergo structural differentiation and 
the differentiated columnar epithelial cells also up-regu- 
late brush border alkaline phosphatase, an enzyme fre- 
quently used as a functional marker of cell differentiation 
in colon cancer cells. 27 Further, the mucine profiles of 
the differentiated T84 cells in luminal formations sug- 
gest the cells to be more like small intestinal enterocytes 
than colonocytes. The mucins vary in composition and 
relative amounts in the small intestine and colon, with 
more sialomucin found in the small intestine and more 
sulfomucin in the colon. However, we failed to show up- 
regulation of sucrase-isomaltase, a small bowel— specific 
marker, in our paraffin-embedded gel blocks. In this 
respect, T84 cells differ from Caco-2 cells, 26 On the other 
hand, T84 cells were studied after being cultured three- 
dimensionally for 10-14 days in gels. The sucrase-iso- 
maltase activity increases during culture in Caco-2 cells, 
being still very low at day 9 when the cells are already 
structurally differentiated and reaching a level of 50% 
of that found in human small intestine only after 19 days 

We conclude that organization and differentiation of 
the secretory crypt-like T84 intestinal epithelial cells in 
the present three-dimensional coculture was induced by 
fibroblast secretion products, especially TGF-fil. The pres- 
ent in vitro model may prove to be the method for study- 
ing che gene products that regulate the extracellular ma- 
trix-mesenchymal cell-epithelial cell cross- talk occurring 
in the human jejunum on the mucosal crypt- villus axis, 
where che chloride-secreting crypt cells proliferate and 
differentiate to absorptive villus tip enterocytes. 



Table 2. Distribution of Growth Fatfor-lrio'uced IrYree^imensional Organization and Differentiation of T84 Cells Expressed 
as Mean Percentages of Total Colony Counts in T84 Cultures and in Cocultures With IMR-90 Fibroblasts 

Unorganized Organized Organized 

cubofdal cuboidal columnar 



Ceils in Growth Total 



culture 


factor 


Antibody 


% 


SD 


% 


SD 


% 


SD 


(*) 


T84 






93 


8.4 


1 


1.6 


6 


7.8 


100 


T84 + IMR-90 






39 a 


7.6 


19* 


7.6 


42 s 


5.1 


100 


T84 


HGF 




93 


2.4 


0 




7 


2.4 


100 


T84 


TGF-p 




40° 


4.4 


3 


3.0 


57* 


2.5 


100 


T84 + IMR-90 




antKHGF 


41 


6.1 


9 


8.0 


50 


10.8 


100 


T84 + IMR-90 




anti-TGF-p 


79* 


8.8 


6* 


6.8 


15* 


3.3 


100 


T84 + IMR-90 




anti-LAP 


85* 


4.4 


7* 


4.1 


6* 


4.0 


100 



NOTE. Values represent the mean and SD percent of colony types in five independent experiments. At least 50 colonies in duplicate wells 
were counted. 

a P < 0.001 vs. T84 cultures with no fibroblast support. 
*P < 0.001 vs. untreated T84 and IMR-90 coculture. 
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HEPATOCYTE GROWTH FACTOR ENHANCES INTESTINAL MUCOSAL 

CELL FUNCTION AND MASS IN VIVO 

Yoshifurai Kato, MD, Dahong Yu, PhD, Jeff R. Lukish, MD and 

Marshall Z. Schwartz, MD, FAAP. Childrens Hospital, Washington DC 20010. 

Hepatocyte growth factor (HGF), originally known to stimulate hepatocyte 
DNA synthesis, recently has been shown to stimulate growth of intestinal 
epithelial cells in vitro. However, there have been no studies on the effect of 
HGF on the function of intestinal epithelial cells in vivo. This study was 
designed to examine the effect of systemically administrated HGF on intestinal 
epithelial cell mass and function. 

Methods: Twenty young adult male Sprague-Dawley rats had placement of 
jugular venous catheters connected to subcutaneously placed osmotic minipumps. 
The rats were divided into 4 groups based on the contents in the osmotic pump; 
Group 1 (control, n=5) normal saline; Group 2 (n=5) HGF 75 v g/kg/d; Group 3 
(n=5) HGF 150 # g/kg/d; and Group 4 (n=5) HGF 300 ju g/kg/d. Following a 14 
day infusion, [C 14 ] galactose and [C 14 ] glycine absorption were measured in a 
10 cm segment of mid small intestine using an in vivo ciosed-recirculation 
technique. Mucosal DNA content and protein content of the same small bowel 
segment were determined for each group. 

Results: The results for mucosal substrate absorption, DNA content and protein 
are shown below 





Control 


Group 2 


Group 3 


Group 4 


Galactose( p. M/cm 2 ) 


1.21 


2.07(tl70)** 


239(t 197)** 


1.86(tl53)** 


Glycine (#M/cm 2 ) 


1.62 


2.27(tl40)* 


1.97(tl22)** 


1.79(tHl) 


DNA(xlO- 3 //gfaig) 


103 


186 (t 180)* 


264 (t 255)** 


288 (t 279)** 


Proteiri(yr/ g/mg) 


42.6 


56.4 (t 133)* 


64.2(tl51)** 


60.4(tl42)** 



** p<0.01, * p<0.05, ( )=% of control 
Conclusions : These data demonstrate for the first time that HGF can increase 
intestinal epithelial cell function and stimulate cell proliferation in vivo. HGF 
may be clinically useful in patients with Short Bowel syndrome. 
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